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Project Milestones
•
•

A Hot Cell robotic assembly: Pick and place dynamic simulation, including feedback
control with Matlab, was developed for dispersion Fuel manufacture.
Our work resulted in two refereed conference papers, which were published in the
respective conference proceedings:
1. Conference Paper: “Design Concepts and Process Analysis for Transmuter Fuel
Manufacturing”, presented at the NEA Actinides meeting in Las Vegas.
2. Conference Paper: “Conceptual Workcell Design and Throughput Analysis for
Robotic Transmuter Fuel Fabrication” presented at the ANS Winter meeting in
Washington, DC.

1. Manufacturing Sequence for Dispersion Fuel
Gas Fast Reactor (GFR) dispersion fuel is a new fuel type currently under development that
would be used for Generation IV applications only. Dispersion fuel is basically a coated particle
fuel with an individual fission product barrier layer. The major differences relate to the particle
coatings and compact fabrication that encapsulate the isotopes in various morphologies of SiC. A
variant of dispersion fuel is also being considered that would have coatings of ZrC rather that
SiC, but this fuel is only a concept at this time. The manufacturing steps of the dispersion fuel
are noted below.
a) Manufacture spherical fuel particles by wet chemical process or direct reaction and
attrition.
b) Coat the particles (process not yet determined).
c) Embed fuel and matrix blend into a compact.
d) Assemble billet, Figure 1.
e) Extrude billet at ~800°C into rods about 2 m long.
f) Finish fuel rods by trimming ends.
g) Inspect the rods (radiography, dimensional, bonding, and clad defects).
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Figure 1 Dispersion Fuel Element

2. Dispersion Fuel Hot Cell Layout
Due to software limitations, the dispersion fuel manufacturing process cannot be modeled
completely. Instead, only the assembly of the billet was studied. Figure 2 shows the proposed
floor layout of a hot cell manufacturing dispersion fuel. The compacts will be moved from the
first table, pass through the sintering oven, ending the process of assembling the billets.
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Figure 2 Schematic of the floor layout of a hot cell manufacturing dispersion fuel
Three Wäelischmiller (GmbH) robots are used in the simulation for loading-unloading of the
dispersion fuel compacts. The robots unload the completed compact from the press, place the
compacts into the billets, and finalize the assembly process of the billets. Figure 3 shows a
schematic of the manufacturing hot cell developed in the MSC.visualNastran© simulation
environment.
Dispersion fuels originate as rectangular compacts. The first robot loads the compact onto a
conveyor belt for sintering. The compacts require a custom design of the end-effector of the
manipulators. An end-effector consisting of four gripper fingers was used to ensure safe and
reliable grasping while moving the compacts throughout the hot cell. Figure 4 shows the modified
end effector which encloses the compacts on all sides.
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Figure 3 Snapshot of the hot cell developed in the MSC.visualNastran©

Figure 4 Modified end-effector utilizing four-fingered gripper
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Robots 2 and 3 work together to assemble the billets, into which the sintered compacts are
placed. One of the manipulators places the sintered compacts into the billet. The other
manipulator covers the billet with a cladding plate, thus finalizing the process. Figure 5 shows a
manipulator placing a sintered compact in a billet. The modified end-effector can be seen with
the compact secured within the four-fingered gripper.

Figure 5 Manipulator placing a sintered compact into the billet
Figure 6 shows the third manipulator in the hot cell moving the upper cover of the billet, and
placing it on top of the frame containing the sintered compacts. The manipulator uses the old
end-effector consisting of two gripper fingers only.
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Figure 6 Manipulator finishing the billet assembly process

3. Analysis of Atypical Events
In the above manufacturing process atypical events can happen. For example a compact can
be misplaced. In such a case, the manipulator should have the necessary path planning
capabilities to correct the placing of the compact. Figure 7 shows a compact pushed into the
billet frame after having been misplaced.

Figure 7 Misplaced compact pushed in the picture frame
During an compact insertion like the one depicted in Figure 7, it is desirable to know the
forces and motion parameters governing the compact insertion. As an example, Figure 8 shows
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the friction forces between the compact and the picture frame, and between the compact and the
bottom plate of the billet.

Figure 8 Friction forces between compact and cladding during insertion into the billet

4. Conclusion
The deployment of remote manufacturing of transmuter fuel is a necessity for the
transmutation applications. In the above reporting period, a virtual hot cell for the manufacturing
of dispersion fuel was designed using MSC.visualNastran©, ProEngineer© and MATLAB©.
Atypical events were successfully simulated. Relevant physical quantities arising during such
events were monitored as well.

